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Ovule ontogeny of Tabebuia pulcherrima Sandwith (Bignoniaceae):
megasporogenesis and integument development
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ABSTRACT - (Ovule ontogeny of Tabebuia pulcherrima Sandwith (Bignoniaceae): megasporogenesis and integument
development). The ovule of Tabebuia pulcherrima is anatropous, unitegmic and tenuinucellate. The nucellus shows a trizonate
structural organization. The integument is initiated by periclinal divisions in the dermal layer (zone I), around the base of the
archesporium. Subsequently, cells derived from the subdermal layer (zone II) start to push the dermal cells, so that they shift
toward the micropylar region. The archesporial cell differentiates directly into the megaspore mother cell, undergoes meiosis,
and originates a linear tetrad of megaspores. The mature embryo sac mother cell is elongated, possess a conspicuous central
nucleus, and a characteristic bipolar vacuome with fibrous-granulated content. The inner cell layers of the integument differentiate
into an amyloplast-rich endothelium. Patterns of callose deposition in the tetrad and selection of the functional megaspore, as
well as the taxonomic value of some characters are discussed.

RESUMO — (Ontogenia do 6vulo de Tabebuia pulcherrima Sandwith (Bignoniaceae): megasporogénese e desenvolvimento do
tegumento). Os ovulos de Tabebuia pulcherrima sao anatropos, unitégmicos e tenuinucelados. Os nucelos apresentam estrutura
trizonada. O tegumento ¢ iniciado por divisdes periclinais na camada dérmica (zona I), ao redor da base do arquespdrio. Em
seguida, células derivadas da camada subdérmica (zona II) tomam parte na constituicdo do tegumento, empurrando as células
de origem dérmica para a regido micropilar. A célula arquesporica diferencia-se diretamente em megasporocito, sofre meiose e
origina uma tétrade linear de megasporos. A célula-mae do megasporo madura ¢ alongada, com nticleo central e vacuoma bipolar
apresentando conteudo fibro-granular. As camadas celulares mais internas do tegumento diferenciam-se em endotélio rico em
amiloplastos. Padrdes de deposicao de calose na tétrade e da selecdo do megésporo funcional, bem como o valor taxonémico de
alguns caracteres sao discutidos.
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Introduction unitegmic ovules, in several families of angiosperms,
becomes differentiated as a specialized layer of radially
elongated cells with dense cytoplasm and prominent,

often polyploid, nuclei. This tissue, the endothelium, is

The integument ontogeny, details of the megaspores
and embryo sac mother cell differentiation have scarcely

been studied in angiosperms. The great applicability of
integument ontogenetic studies to the understanding of
different types of integumentary systems, their mode of
evolution and their implications for the taxonomy of
different groups of angiosperms have been stressed in
several publications (Bouman 1971, Bouman & Calis
1977, Bouman & Schier 1979, Bouman 1984). As far
as we know, Galati & Strittmatter (1999) is the only
report on the ontogenetic origin of the tegument in a
species of Bignoniaceae.

The inner epidermis of the inner integument in
bitegmic ovules and that of the single integument in
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quite common in families of unitegmic and tenuinucellate
ovules (Kapil & Tiwari 1978a). In several Bignoniaceae,
including Tabebuia, a markedly differentiated
endothelium has been observed (Govindu 1950, Ghatak
1956, Mehra & Kulkarni 1985, Bittencourt Jr. 1992).
Different functions have been attributed to the
endothelium according to the taxon and to the ovule
developmental stage (Kapil & Tiwari 1978a, b). A broad
overview of the functional and evolutionary significance
of'this intriguing tissue will not be possible without studies
of a number of different specific cases.

According to Shivaramiah (1998), morphological
and embryological investigations in the Bignoniaceae are
far from complete with respect to its systematic position.
Bignoniaceae is a family of approximately 800 species
(Spangler & Olmstead 1999), and few of these species
have been studied in relation to ovule development
(Duggar 1899, Mauritzon 1935, Swamy 1941, Govindu
1950, Ghatak 1956, Mehra & Kulkarni 1985, Bittencourt
Jr. 1992, Galati & Strittmatter 1999). In these studies,



104 N.S. Bittencourt Junior & J.E.A. Mariath: Megasporogenesis and integument development of Tabebuia pulcherrima

the attention given to details of meiocyte divisions,
functional megaspore maturation, and associated events
has been almost null. The present study is the first of
two papers dealing with the ovule development of
Tabebuia pulcherrima, a common tree of the coastal
south Brazilian “restingas”. The aims of this study were
to investigate megasporogenesis, embryo sac mother cell
maturation, formation of the integument and its
endothelium, and to contribute with embryological data
for the taxonomy of Bignoniaceae.

Material and methods

Plant collections were carried out from August to
November of 1993 and 1994. Inflorescences with floral buds,
in different stages of development, were collected from a native
(ICN 106186) and three cultivated trees (ICN 106184, 106185
and 103826 - Department of Botany, Universidade Federal do
Rio Grande do Sul) located in the metropolitan area of Porto
Alegre, Brazil.

The flower buds were dissected to isolate gynoecia,
which were fixed in glutaraldehyde 2% in sodium phosphate
buffer 0.1 M, pH 6,8 (Gabriel 1982). Fixation was done at room
temperature, immediately after each collection (Robards 1985).
After fixation the material was stored in ethanol 70% at low
temperature. After dehydration in ethyl series, the samples
were embedded in hydroxyethylmethacrylate (Historesin -
Jung). The blocks were sectioned in a Leitz 1400 microtome, in
sections 1 to 4 pm thick. The sections were mounted on glass
slides and submitted to histochemical tests, or stained with
toluidine blue O (O’Brien & McCully 1981), acid fucsin and
toluidine blue O (O’Brien & McCully 1981), or astra blue and
basic fucsin (adapted for historesin sections, from Johansen
(1940) and Gerlach (1977) methods).

Several histochemical tests were performed: the periodic
acid Schiff reaction (PAS) for the detection of insoluble
polysaccharides (except cellulose and callose), after treating
the sections with dinitrophenyl-hydrazine (O’Brien & McCully
1981); IKI test for amyloplasts (Sass 1940), together with
examination using optical microscopy with polarized light;
Sudan IV (Johansen 1940), or Sudan black B (O’Brien &
McCully 1981) for detection of apolar substances (insoluble
lipids); aniline blue as a fluorochromatic method for callose
(Eschrich & Currier 1964); ruthenium red for acid
polysaccharides, including pectic acids (Southworth 1973).

The results of the preparations were documented with
drawings using a camera lucida and photomicrographic
records. The drawings and photomicrographies were made
with a Leitz Dialux 20EB microscope. Pictures were taken with
Ektachrome 64 ASA and T-MAX 100 ASA Kodak films.

Ovules were also examined by scanning electron
microscope (SEM). Carpel walls were removed to expose the
ovules. The samples were dehydrated, submitted to critical
point drying (Gersterberger & Leins 1978) in a Balzers CPD

030 equipment, and mounted on aluminum stubs. The material
was coated with gold in a Balzers SCD 050 sputtering system,
and examined with SEM Jeol Series 300, at 25 - 30 keV.

Results

At each face of the septum in the bilocular ovary
of T pulcherrima, the placentac are disposed as two
longitudinal fleshy crests, where the ovules are attached.
The two placental crests are separated by the ovarian
portion of the transmitting tissue (figures 1-2). The
electron micrographies 1 to 8 show the external aspect
of the ovules in successive developmental stages, from
the beginning of their differentiation (right side of the
figure 1) to integument closure at the top of the nucellus
(figure 8).

Based on the pattern of cell divisions, before the
beginning of ovule ontogeny, the placental crest, as seen
in a transverse section of the ovary, shows trizonate
structure (figures 9, 17a). In the dermal layer (zone I)
only anticlinal divisions were observed. The same pattern
was observed in the subdermal layer (zone I1); however,
sometimes one or another cell of this layer undergoes
oblique or periclinal division. In the tissue underlying the
subdermal layer (zone III), there is no regular pattern of
cellular divisions.

The ovule starts to differentiate with periclinal
divisions in zone III (figure 17b), when the flower bud
reaches about 4.5 mm length. The cells of the dermal
and subdermal layers of the ovule primordium continue
multiplying, as observed in the placenta development
(figures 10, 17c). In ovaries whose carpel walls had been
removed, it was observed that the primordia emerge more
or less at the same time at the mid- and proximal levels
of the placenta. On the other hand, there is a notable
acropetal ovule development at the distal portion of the
placenta (figure 1, right). There is also a certain tendency
of sequential ovule development from the internal side
of the placenta - close to the transmitting tissue - to the
external side.

In each ovule primordium, a laterally positioned
subdermal cell grows and differentiates as an
archesporial cell, presenting dense cytoplasm and a
prominent nucleus (figures 11, 17d). Frequently, more
than one archesporial cell differentiates in the same
primordium (figure 13). However, just one of them
develops into a megaspore mother cell (MMC). The
nucellus is quite reduced, consisting of the archesporium,
the dermal cells that involve it, and some subdermal cells
adjacent to the base of the archesporium.
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Figures 1-8. Scanning Electron-micrographs (SEM) of ovules in successive stages of development. 1. General aspect of the
placentae in one of the carpels, with emergent nucelli. 2. Emergent nucelli at greater magnification. The asterisks indicate the
transmitting tissue. 3. Ovules with prominent archesporium. It is possible to see the beginning of integument protrusion in
several ovules (arrows). 4. The same in greater magnification. They correspond approximately to the stages shown in the figures
10-13 and 17c-f. 5. Ovules with protruding integument, corresponding to the stages shown in the figures 14 e 17g-h. 6. The same
in greater magnification. 7. Ovules at the beginning of the micropyle formation. 8. The same in greater magnification. The arrows
indicate the micropyle.



106 N.S. Bittencourt Junior & J.E.A. Mariath: Megasporogenesis and integument development of Tabebuia pulcherrima

-
L L

»
&
- .

"

5w

w

Figures 9-16. Transverse sections of the ovary showing ovules in successive stages of development. 9. Placenta with trizonate
structure (before the emergence of the nucelli). 10. Placenta with the emergent nucelli. Observe the trizonate structure in one of
the nucelli. 11. Nucellus with the recently differentiated archesporial cell. 12. Ovule at the beginning of integument development.
Arrows indicate periclinal divisions at dermal layer. 13. Ovule with two archesporial cells. 14. Ovule in a more advanced stage,
showing cells of the subdermal layer participating in the integument constitution (arrow), pushing the initials of dermal origin to
the micropylar region. 15. Ovule with the recently differentiated MMC. 16. Ovule at the pre-meiotic stage. I: zone I (dermal layer);

II: zone II (subdermal layer); I1I: zone III; Ar: archesporium; Ch: chalaza; En: endothelium; MMC: megaspore mother cell; Mi:
micropyle; NE: nucellar epidermis; Pr: procambium.
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Figure 17. Ovule ontogeny - longitudinal sections of the ovule (as seen in transverse sections of the ovary) in successive stages
of development. From (a) to (g) the limits among the zones I (dermal layer), II (subdermal layer), and III are represented by a
thicker line. (a): Placenta. (b-c): Nucellus emergence. (d): Appearance of the archesporium. (e): The first periclinal divisions of the
dermal layer (arrows) to integument formation (the same of figure 12). (f): Beginning of integument protrusion. (g): Beginning of
subdermal cell participation in integument formation. (h-i) Integument growth from the base to the top of the nucellus, and MMC
enlargement. Ar: archesporium; MMC: megaspore mother cell; NE: nucellar epidermis; Pr: procambium.

Quickly, each primordium starts to develop the
anatropous curvature, due to differential growth of the
funicular side of the ovule. At the same time, the
integument is initiated by periclinal divisions in cells of
the dermal layer, around the base of the archesporium
(figures 12, 17e - arrows). Simultaneously, or soon after,
cells of the subdermal layer, just below the dermal initials,
start to divide periclinally. The dermal cells continue

multiplying by periclinal or oblique divisions, but they are
pushed, by the subdermal cells, to the micropylar area
of the integument (figures 14, 17f-g). In subsequent
stages, the boundaries between the tissues of dermal
and subdermal origin become obscure. At the opposite
side to the funiculus, while the cells of the most external
layer multiply only by anticlinal divisions, periclinal or
oblique divisions in the internal layers contribute to
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increase the integument thickness. Therefore, a single
and solid integument grows around the nucellus, and its
cells are derived from the dermal and subdermal layers.
The zone III cells of the ovule primordium do not
participate in the integument constitution.

A vascular bundle (procambium) begins to
differentiate in the funiculus (figures 14, 15, 17h-i).
However such differentiation is not concluded before
the initial stages of embryo and endosperm development.
The archesporial cell starts directly to function asa MMC
without giving rise to any parietal cell. This cell becomes
elongated, with a quite conspicuous nucleus and its
proximal wall stays in direct contact with the chalazal
cells (figures 15, 16, 17h-i).

Usually at the meiotic stage, the integument margin
reaches the top of the nucellus (figure 16). Both the
nucellar epidermis and the inner integument surface are
covered by a fine cuticle (figures 18-23). The inner
parietal layers of the integument, i. e. closest to the
nucellar epidermis, differentiate into an endothelium with
tangentially elongated cells, and very dense cytoplasm
(figures 24-26). The number of cell strata in the
endothelium varies from one to three, according to the
area, and the boundary between the endothelial and non-
endothelial cells in the integument many times is not quite
evident. Periclinal, oblique and anticlinal divisions in the
endothelial cells were very frequently observed (figures
18, 19, 21, 22, 25, 26). This intense mitotic activity
obscures the limit between the endothelium and the outer
cell layers of the integument, and is responsable for the
variability of the number of endothelial cellular layers.
The high metabolic activity of the endothelial cells was
also indicated by the prominent nucleoli, and the presence
of small nucleolar vacuoles, or more than one nucleolus
in the same nucleus.

The cell walls at the proximal portion of the MMC,
as well as the walls of the chalazal cells in contact with
the base of the MMC, show slight thickening (figures
15, 16, 18, 19). Such walls are stained intensely by astra
blue, or rose-purple by toluidine blue O. The strong
staining of these walls by ruthenium red and the reaction
with PAS indicate the accumulation of pectic substances.
The chalazal cells are also characterized by dense
cytoplasm with fibrous-granulated PAS-positive content
in the vacuoles. The cell wall characteristics described
above remain in the chalazal cells at the subsequent
stages, but preliminary observations of ovule sections,
after the beginning of the endosperm ontogeny, showed
that the cell walls of the chalaza acquire a greenish tone
with toluidine blue O, indicating the presence of phenolic
compounds.

The megasporocyte undergoes meiosis (figures
18-23) where the metaphasic plates are always
perpendicular to the longitudinal axis of the meiocyte
(figure 19) and, after successive cytokinesis, forms a
linear tetrad of megaspores (figure 23). During anaphase
I and I, it seems there is no synchronized migration
among the chromossoms (figures 20, 22). The dyad cells
are of the same size (figures 21) and cellularization is
followed by callose deposition on both sides of the
transverse pectocellulosic wall. Usually there is no
synchrony between these two cells in the subsequent
meiotic stages, and the events of the second meiotic
division are faster at the proximal cell (figure 22). After
meiosis, the cytokinesis is accompanied once again by
callose deposition on both sides of the new transverse
walls. The micropylar megaspore is usually a little more
elongated than the two intermediate megaspores, but
the chalazal megaspore is always the largest (figure 23).
Callose is also formed on the inner face of the lateral
walls of the three distal cells, as well as on the inner
face of the distal wall of the micropylar megaspore,
although to a lesser degree. On the inner face of the
chalazal megaspore lateral walls, callose deposition
occurs only in the distal portion of the cell. Only the
chalazal megaspore is functional, gradually increasing
in volume, while the micropylar megaspores degenerate
(figure 27).

After they reach the top of the nucellus, integument
margins are projected beyond that point, originating the
micropyle (figures 27, 28). The integument cells around
the micropylar channel also become endothelial cells.
During meiosis, amyloplast development begins in the
endothelium, especially in the micropylar portion. In
subsequent stages, other cells of the integument and
funiculus, close to the endothelium, also differentiate
amyloplasts, but in the endothelial cells they are always
larger and more numerous (figures 28, 29).

The chalazal megaspore expands considerably,
becoming elongated and with a quite conspicuous central
nucleus (figures 28, 29). The callose persists as a hood
involving the micropylar portion of the chalazal
megaspore, although thinning progressively as
development continue. Small spherical vacuoles grow
at the two poles of the megaspore, during its expansion
(figure 27). Such vacuoles fuse to one another and, at
the end of the uninuclear stage, the embryo sac mother
cell presents wide bipolar vacuolation (figures 28, 29).
Accumulation of a fibrous-granulated PAS-positive
material, similar to that verified in the chalazal cells, was
also observed inside the embryo sac mother cell vacuoles
(figure 29). Cells of the nucellar epidermis begin to
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Figures 18-23. Longitudinal sections of meiocytes in sucessive stages of the meiosis. 18. Prophase 1. 19. Metaphase 1. 20.
Anaphase . Observe the uncoordinated migration of the chromosomes. 21. Dyad stage (prophase II). 22. Metaphase/anaphase
II. At the chalazal dyad cell (left), two separated groups of chromosomes are shown (end of anaphase II), while in the micropylar
cell (right) almost all chromosomes are still organized in a metaphase plate. 23. Megaspore tetrad just after the second meiotic
cytokinesis. CMe: chalazal megaspore; MMe: micropylar megaspore. The arrows indicate endothelial cells in mitotic divisions.
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Figures 24-26. Endothelium as seen in different section types. All at the tetrad stage 24. Transverse section of the ovule. 25.
Tangential longitudinal section of the ovule showing the tangentially elongated endothelial cells. 26. The endothelial cells (the
same of figure 25) in greater magnification. The arrow indicates a cell in mitotic division. En: endothelium; Me: megaspore; NE:
nucellar epidermis; Pr: procambium.

Figures 27-29. Longitudinal sections of the ovule in two successive stages after meiosis. 27. Tetrad stage with the developing
chalazal megaspore (ESMC) and the degenerating micropylar megaspores. 28. Mature ESMC stage. The section was submitted
to the PAS reaction, and the dark rounded corpuscles are amyloplasts. 29. The mature ESMC (the same of figure 28) in greater
magnification. CV: chalazal vacuole of the mature ESMC; DMe: degenerated megaspores; En: endothelium; ESMC: embryo sac
mother cell; Mi: micropyle; MMe: micropylar megaspore; NE: nucellar epidermis; Pr: procambium.
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present the first signs of nuclear pycnosis, indicating the
beginning of their degeneration.

Discussion

Histologically, the young placentae and the ovule
primordia present a tunica-corpus organization. The
tunica is constituted of two layers: the dermal layer
(zone I), in which only anticlinal divisions occur, and the
subdermal layer (zone II), where anticlinal divisions are
predominant. The corpus corresponds to the central area
(zone III), where there is no regular pattern of cellular
divisions. The trizonate character of the ovule primordia
is common to several angiosperm families (Bouman
1984). Periclinal divisions in zone III of the placenta
initiate the ovule in 7. pulcherrima. Satina (1945)
demonstrated the same process in Datura stramonium
using cytochimeric induction. Other authors have also
indicated zone I11 as the site of ovule initiation in several
taxa (Bhandari et al. 1976, Bouman & Calis 1977,
Bouman & Schier 1979, Bouman 1984, Venturelli &
Bomtempi Jr. 1989). In spite of the clear trizonate
structure observed in the ovule primordium of
T pulcherrima, Galati & Strittmatter (1999) interpreted
the ovule primordium organization in Jacaranda
mimosifolia as bizonate, initiated by periclinal divisions
in the second cell layer of the placenta.

Although, occasionally, more than one archesporial
cell can differentiate in the ovule primordium of 7.
pulcherrima, only one of them reaches the MMC stage.
The differentiation of more than one archesporial cell in
the same ovule has also been described in other
Bignoniaceae, such as Bignonia megapotamica
(Swamy 1941), Kigelia pinnata, Tecoma stans
(Govindu 1950) and Tabebuia ochracea (Bittencourt
Jr. 1992). In the first three species mentioned, more than
one archesporial cell can grow to reach more advanced
stages, occasionally originating two tetrads in the same
nucellus. As stated by Bouman (1984), many taxa
present a multicellular archesporium, and it is responsible
for some cases of polyembryony or apomixis. The direct
differentiation of archesporial cell in a MMC observed
in T pulcherrima - i. e., without originating any parietal
cell - has also been reported in all the Bignoniaceae
investigated up to now (Duggar 1899, Mauritzon 1935,
Swamy 1941, Govindu 1950, Ghatak 1956, Mehra &
Kulkarni 1985, Bittencourt Jr. 1992, Galati & Strittmatter
1999).

Integument ontogeny in unitegmic ovules is of great
interest in the taxonomic study of the sympetalous plants.
Warming (1878) concluded that the integument in

sympetalous taxa is derived mainly from the dermal layer.
In Datura stramonium (Satina 1945) and Scrophularia
himalensis (Bhandari et al. 1976) a dermal origin of the
integument was also reported. However, Bouman &
Schier (1979) pointed out that, in unitegmic/sympetalous
plants, the integument does not have always a exclusively
dermal origin, but it can also be derived total or partially
from the subdermal layer. The ovule of 7. pulcherrima
is unitegmic and tenuinucellate. Both dermal and
subdermal layers are involved in the formation of the
integument. Venturelli & Bomtempi Jr. (1989) observed
the same position shifting of the dermal initials to the
micropylar area in the integument development of
Antonia ovata. In Gentiana cruciata and G.
asclepiadea (Bouman & Schier 1979), integument
ontogeny is very similar to that observed in T.
pulcherrima, except for the beginning of the periclinal
divisions of the subdermal layer, which only happens after
the dermal cells have reached the top of the nucellus.
The dermal cells close to micropylar extremity of the
integument have often been interpreted as homologous
to the internal integument of the bitegmic ovule (Bouman
& Calis 1977, Bouman & Schier 1979, Bouman 1984).
According to these authors, the change of position of
the dermal cells to the micropylar region is inherent to
one of the three phylogenetic roads that led to the
unitegmy. A different pattern of integument initiation
seems to occur in Jacaranda mimosifolia, since a
dermal origin was reported in this species (Galati &
Strittmatter 1999).

As it is usual in anatropous ovules, the funicular or
basiovular side of the integument presents a much less
expressive development than on the opposite side. In
the latter, periclinal or oblique divisions of the inner cellular
layers contribute to increase the thickness of the
integument, but in the outermost layer, only anticlinal
divisions take place. Bouman (1971) observed the same
pattern of cellular divisions in the solid external
integument of the bitegmic ovule of Lilium.

In the Bignoniaceae, an endothelium was also
observed in Tecoma stans, Parmentiera cereifera,
Jacaranda mimosifolia, Kigelia pinnata (Govindu
1950), Oroxilum indicum (Ghatak 1956), Tabebuia
rosea, Milingtonia hortensis, Dolichandrone falcata,
Heterophragma adenophyllum, Stereospermum
chelonoides (Mehra & Kulkarni 1985), and Jacaranda
mimosifolia (Galati & Strittmatter 1999). In Tabebuia
ochracea (Bittencourt Jr. 1992) the endothelium is
similar to that observed in T. pulcherrima. According
to Kapil & Tiwari (1978a) an endothelium is commonly
found in the sympetalous angiosperms with unitegmic
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and tenuinucelate ovules. These authors pointed out that
the endothelium could carry out several functions in
different developmental stages. In the initial stages the
endothelium commonly exhibits meristematic cell
ultrastructure. Once they divide profusely during the first
ontogenetic stages of the megagametophyte and of the
endosperm, the endothelial cells enable coordinated
development between the embryo sac/young endosperm
and the integument. In other stages, the endothelium
channels nutritious substances to the embryo sac and to
the endosperm. In several species, particularly in
Scrophulariaceae, the endothelium starts to exercise a
protective function of the embryo, during seed
development (Kapil & Tiwari 1978a).

In the species studied by Govindu (1950) the
endothelium differentiates only after the disorganization
of the nucellar epidermis. In the species analyzed by
Mehra & Kulkarni (1985), endothelium differentiation
occured simultaneously with nucellar epidermal
disruption, coinciding with the binuclear stage of the
embryo sac. Nevertheless the exact moment in which
the endothelium begins to differentiate is very variable
(Kapil & Tiwari 1978a). Both in Tabebuia ochracea
and 7. pulcherrima the endothelium is observed even
before the MMC undergoes meiosis, when the nucellar
epidermis is still intact.

Mehra & Kulkarni (1985) observed that, during
endosperm development, the endothelial cells which
surround the chalazal haustorium are organized in a
palisade, and they contain dense cytoplasm. Govindu
(1950) mentions that endothelial cells which establish
direct contact with the developing embryo sac become
radially elongated, and reach maximum development
after megagametophyte cellularization. In Tabebuia
pulcherrima the endothelial cells are tangentially
elongated, and accumulate large quantities of starch
grains, especially in the cells surrounding the micropylar
channel. Similar deposition of amyloplasts into the cells
of the micropylar channel was found in Jacaranda
mimosifolia (Galati & Strittmatter 1999) and other
angiosperms (Tilton 1980a). Amyloplast accumulation
in the micropylar channel cells seems to be associated
to their function in the nourishment of the developing
megagametophyte (Tilton 1980a, Bittencourt Jr. 1992,
Bittencourt Jr. & Mariath 2002), or more probably are
closely involved in embryo nutrition (Tilton 1980a).
However, a different interpretation was suggested by
Galati & Strittmatter (1999) and other authors (Tilton
1981a), according to whom amyloplast accumulation in
the cells that surround the micropylar channel may be
related to growth of the pollen tube.

The chalazal cells in Tabebuia pulcherrima
characteristically present slightly thickened, pectin-rich
walls, which acquire a greenish color - with toluidine
blue O - after fertilization, probably due to lignin
deposition. The chalazal tissue therefore differentiates
into a hypostase, like that described by Tilton (1980b)
for Liliaceae. Bittencourt Jr. (1992) observed the same
chalazal cells with dense content and thick walls, but he
did not detect any sign of lignification in 7. ochracea.
Hypostase formation is a characteristic feature of the
ovule in several Bignoniaceae (Mauritzon 1935, Swamy
1941, Govindu 1950, Ghatak 1956, Mehra & Kulkarni
1985, Johri et al. 1992, Galati & Strittmatter 1999).
According to Mehra & Kulkarni (1985), the hypostase
stops the growth of the aggressive chalazal endosperm
haustorium, during seed development. Because the
chalazal cells are located between the distal end of the
funicular vascular bundle and the base of the embryo
sac, and due their dense cytoplasm, Swamy (1941) and
Govindu (1950) suggested that the chalazal cells would
have a function on the active translocation of nutrients
to the developing megagametophyte. According to Tilton
(1980b), the chalazal cells should be interpreted as
constituting a hypostase, even when their cell walls are
not lignified. The same author pointed out that the function
of the hypostase is not known with certainty but because
of its position around the chalazal end of the
megagametophyte, it is generally thought to be related
to the translocation of nutrients into the megagametophyte
and embryo. Furthermore, it is possible that, at the
ultrastructural level, both the walls of the chalazal cells
and the proximal portion of the MMC/embryo sac wall
in Tabebuia pulcherrima actually function as transfer
cell walls, which needs to be confirmed.

The accumulation of a fibrous-granulated content
was observed in the chalazal cell vacuoles and in the
embryo sac mother cell bipolar vacuome of
T. pulcherrima. The PAS reaction suggests the
polysaccharide nature of this substance. It is probably
translocated from the chalazal cells to the vacuome
of the expanding embryo sac mother cell. Similarly,
the contents of some chalazal cells in immature
Ornithogalum caudatum ovules stain intensely for
what appears to be carbohydrate different from
starch, and was associated to the nutritive function
of the hypostase (Tilton 1980b). In soybean, Folsom
& Cass (1989) observed the coalescence of vesicles,
originated in the dictyosomes, within the vacuome of
the expanding embryo sac. The authors interpreted
the phenomenon as the addition of osmotically active
substances to the vacuoles, which may be responsible
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for the maintenance of the necessary osmotic
pressure for embryo sac expansion. We may
speculate if a similar function could be exercised by
the fibrous-granulated content observed in the embryo
sac mother cell vacuome of 7. pulcherrima.

The meiotic division of the megasporocyte always
results in a linear tetrad of megaspores, which only the
chalazal megaspore grows to give rise to the
megagametophyte. From all the Bignoniaceae until now
investigated, occasional variations of this pattern were
only observed in Kigelia pinnata, whose tetrad can be
T-shaped or in an isobilateral arrangement, and in
Parmentiera cereifera, whose tetrad can be organized
in a decussate arrangement (Govindu 1950).

Callose formation during the megasporogenesis is
a phenomenon of wide occurrence in the angiosperms,
and may act as a barrier for some nutrients, possibly
leading to starvation and abortion of the non-functional
megaspores (Rodkiewicz 1970, Kapil & Tiwari 1978b,
Kapil & Bhatnagar 1981, Willemse 1981, Huang &
Russell 1992, Colombo & Angenent 1999). It is known
that the callose distribution in the cell walls undergoes
changes according to the stage of the megasporogenesis
and varies according to the type of embryo sac
development. In the Polygonum type, the callose has
been reported to appear first in the chalazal region of
the megasporocyte during prophase 1. Subsequently, the
callose is deposited around the whole meiocyte. In the
transverse walls of the dyads, triads and tetrads, callose
is also deposited, but it disappears from the proximal
region of the chalazal megaspore wall (Rodkiewicz
1970). However, in Tabebuia pulcherrima the callose
appears successively in the transverse walls of the dyads,
tetrads, and only then appears in the lateral walls, as
well as in the distal wall of the micropylar megaspore.
No callose deposition was observed in the MMC wall
or at the chalazal region of the embryo sac mother cell.
Similarly, in Jacaranda mimosifolia, Galati &
Strittmatter (1999) did not observed any callose
deposition in the MMC wall. The callose hood formed
on the micropylar pole of the embryo sac mother cell of
T. pulcherrima gradually disappears during the last half
of its expantion, at the same time in which the non-
functional megaspores are absorbed. These results are
in disagreement with the postulates of Rodkiewicz
(1970), according to which the callose deposition in the
MMC wall takes place firstly on the pole where the
functional megaspore will be formed, and that the
subsequent callose deposition around the whole meiocyte
temporarily isolates it from the somatic tissues.

On the other hand, the present observations strongly

indicated that the chalazal megaspore is favored from
the beginning, not only by its position - more nutritionally
advantageous due the proximity with the chalaza - but
also by the distribution of the callose in the tetrad. The
condition in which the chalazal megaspore becomes
functional is the commonest among the angiosperms
(Kapil & Bhatnagar 1981, Willemse 1981, Huang &
Russell 1992). It seems quite possible that the
cellularization and the simultaneous callose deposition
on the transverse pectocellulosic walls of the dyad and
tetrad in 7" pulcherrima promptly block free metabolite
diffusion among the megaspores. Finally, after the callose
deposition on the other walls of the three micropylar
megaspores, the flow of metabolites coming from
somatic tissues to the micropylar megaspores is
restricted, which may contribute to their degeneration.
Therefore the selection of the functional megaspore in
T pulcherrima is related to the pathway of nutrition
supply, an idea that is supported by several studies in
other angiosperms (Rodkiewicz 1970, Kapil & Tiwari
1978b, Kapil & Bhatnagar 1981, Willemse 1981, Huang
& Russell 1992, Colombo & Angenent 1999).

No sign of asymmetry was observed in the pre-
meiotic MMC. However, there is a short delay of the
second meiotic division in the dyad micropylar cell, which
can be interpreted as a sign of polarity between the two
cells, possibly related to the callose deposition in the
transverse wall between them. It is interesting to point
out that Sniezko & Harte (1984) also observed a delay
of the meiosis II on the chalazal side in Oenothera, a
group in which the micropylar megaspore is usually
selected as functional. In 7. pulcherrima, the second
division in the chalazal cell, and not rarely also in the
micropylar cell, is sharply unequal. At the tetrad stage,
the largest volume of the distal micropylar megaspore
relatively to the two intermediate ones probably is
associated to its largest contact surface with the nucellar
epidermis, since callose deposition in the micropylar wall
of this cell is simultaneous to its deposition in the lateral
walls. The illustrations furnished by Swamy (1941)
suggest that the same may happen in Bignonia
megapotamica. However, this author observed cases
in which the micropylar megaspore was as large as the
chalazal one, interpreting such tetrads as anomalous.

In conclusion, ovule primordia in Tabebuia
pulcherrima have a trizonate structure, in which a single
integument is originated from the dermal and subdermal
layers. These features may be important at generic level
of Bignoniaceae taxonomy because a different condition
- i. e., bizonate with a dermal origin of the integument -
was reported in Jacaranda (Galati & Strittmatter 1999).
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The endothelial cells show intense mitotic activity and
accumulate large quantities of starch. In more advanced
stages, part of this endothelium become disorganized,
and are probably absorbed by the developing embyo sac
(Bittencourt Jr. & Mariath 2002). These features suggest
at least two endothelial functions: nourishment of the
developing embryo sac, and developmental coordination
between the megagametophyte /endosperm and
integument growth. The supposed taxonomic significance
of the presence or absence of the endothelium in some
species, as well as the moment of endothelium initiation
in Bignoniaceae need additional investigation. The
patterns of cell divisions and callose deposition in the
Polygonum type megasporogenesis of T. pulcherrima
suggest a genetically programmed sequence of events,
in which the selection of the functional megaspore is
strongly correlated with the location of callose deposit
and the establishment of a specific pathway of nutrition

supply.
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